Key Summary Points {#FPar1}
==================

Lipohypertrophies (LHs) due to incorrect insulin injection techniques have been reported in the literature for decades at variable rates with an average of 38%.The extremely wide range of LH rates reported by different publications seems to depend mostly on poorly reproducible detection methods.Only the utilization of a standardized clinical method in a large cohort of insulin-treated patients can help provide a sufficiently reliable figure for the actual LH rate.After publishing a standardized LH identification protocol, we compared the results obtained using it with those of ultrasound (US) scans performed on the same skin areas in 1247 IT T2DM outpatients.The high degree (99%) of concordance between clinical and US results suggests routinely utilizing the former in diabetic outpatients to save much time and money.Our data confirmed what was already reported in the literature on several factors leading to or associated with LHs but, for the first time in adults, emphasized cryotrauma from ice-cold insulin injections and specific social conditions, such as retirement and living alone, as factors facilitating LH occurrence.Therefore, we suggest HCPs interested in this field should plan thorough yearly clinical examinations of all injection sites to improve patient quality of life through enhanced glucose control and a reduced rate of hypoglycemic events.

Introduction {#Sec1}
============

Skin lipodystrophy and lipohypertrophy (LH), its most prevalent (95%) form, are frequent localized diabetes treatment complications, known since the beginning of insulin therapy \[[@CR1]\]. LHs are areas of thickened subcutaneous fat tissue confined to insulin injection sites in the form of painless indurations, swelling, and nodules lacking an external capsule and steadily growing over time with repeated injections. They tend to shrink after patients stop using the area for injections after being taught correct administration techniques.

LH histology has seldom been described so far. It consists of (1) macroadipocytes (the most represented cell population) and microadipocytes; (2) a tight weave of fibrin; (3) not more than the average number of inflammatory cells \[[@CR2]\]. Recently, we published a case report on a large abdominal LH lesion with an insulin-rich fluid content \[[@CR3]\]. Amyloid has seldom been detected in insulin injection sites, but no information is currently available on a possible correlation between the two \[[@CR4]\].

From a recent meta-analysis reporting an average 38% prevalence \[[@CR5]\], as well as from our data \[[@CR6], [@CR7]\], LH rates appear to differ greatly among different studies, ranging from 1.9% \[[@CR8]\] to 73.4% \[[@CR9]\]. While some authors are vague about their approach \[[@CR10]\], others use LH diagnostic approaches that are different from one another . These include (1) patient- or nurse-completed questionnaires \[[@CR11], [@CR12]\] or (2) clinical skin examinations carried out by doctors, nurses, or other non-specialized healthcare professionals (HCP) whose identification methods and specific skills are not apparent from the text \[[@CR5]\]. Some reports used ultrasonography (US) to assess LH diagnostic accuracy \[[@CR13]\]. However, they dealt with rather small series and failed to define the LH morphology.

Highly competent investigators sometimes consider their LH identification methods as intuitively given in their publications, thus raising doubts about their own systematic approach to LH diagnosis and unwillingly contributing to the literature variability. Therefore, clinicians who have been poorly educated, if at all, about LHs during university studies are not prepared to correctly identify lesions and prevent patients from injecting insulin into them, thus further worsening glucose control \[[@CR6]\]. This is why method reporting requires thoroughness.

These considerations led us to carry out a real-life investigation of the frequency of and risk factors for insulin-related LHs in a large cohort of patients with type 2 diabetes mellitus (T2DM), using a validated standardized clinical method. Another end point of our study was the identification of any relationships between US-based and clinical LH features. This study was conducted according to good clinical practice standards.

The study was carried out in accordance with the original Declaration of Helsinki and its later amendments and was approved by Vanvitelli University, Naples, Italy, and all the ethics committees of the centers participating in the study. (For the full list of participating centers, see the supplementary material.) Written informed consent was obtained from all participants before enrollment.

Methods {#Sec2}
=======

We conducted an open, multicenter, randomized, case-control study in a real-life setting by including all patients with T2DM referred consecutively to ten associated diabetes centers (DCs). The study did not include subjects with type 1 diabetes (T1DM) because: (1) the above-mentioned DCs were for adults and (2) we tried to prevent biases due to the two-to-four times longer insulin treatment extent than expected for T2DM.

T2DM diagnosis relied on criteria defined by the ADA Standards of Medical Care in Diabetes 2019 \[[@CR14]\]. The International Classification of Diseases, Clinical Modification (ICD-9-CM, V82.9 2014), was used to classify comorbidities and complications related or unrelated to DM \[[@CR15]\].

Eligibility criteria were: age \> 18 years, at least 5-year duration of T2DM, and lifestyle intervention plus 3--4 (2--3 fast-acting and 1 basal) pen-based insulin analog injections per day for at least the last 12 months, without any added hypoglycemic agents.

Exclusion criteria were lack of autonomy or inability to fully understand and complete the questionnaire reported below. The Chronic Kidney Disease Epidemiology Collaboration (CKD-Epi) formula allowed us to record the estimated glomerular filtration rate (eGFR).

The questionnaire we used addressed socio-demographic and clinical characteristics including age, gender, school education, employment, living and marital status, possible caregiver role, pen needle features and re-utilization rate, injection site rotation habits, ice-cold insulin injection, post-injection leaking, local discomfort/pain/redness/itching or other skin abnormalities, and hypoglycemia during the past 12 months or symptomatic hypoglycemic episodes (HE) during the past 4 weeks, as described elsewhere \[[@CR16]\]. All patients also entered a web-based clinical record form (eCRF), including clinical characteristics, habits, and demographics, as well as insulin injection habits. All subjects gave their written informed consent to participate in the study.

Based on the above criteria, out of the 3234 outpatients consecutively referred to the DCs, our study involved 1245 IT patients with T2DM. To avoid any possible biases due to missed LH areas, clinical (inspection and palpation) and US-based skin evaluations were performed at all possible sites (abdomen, arms, thighs, buttocks) as previously described \[[@CR11]\], including those that individual patients said they had never used for injections. This way, after identifying 736 (59.5%) subjects with LHs, we excluded 18 for the inability to complete the questionnaire reliably. Finally, 718 patients with LH (from now on reported as LH +) entered the study along with 509 without LH (from now on reported as LH −).

Table [1](#Tab1){ref-type="table"} displays their overall features. Out of 64 patients with nephropathy, 21 had end-stage renal disease (ESRD) requiring dialysis and therefore entered an integrative follow-up program in dialysis units connected to DCs.Table 1Clinical characteristics, injection habits, and demographics of subjects with and without lipohypertrophy (i.e., LH + and LH −, respectively) and significance of observed differencesLH + (*n* 718)LH −  (*n* = 509)*p*Clinical characteristics Male gender *n* (%)299 (41.6%)222 (43.6%)ns Age (years)61 ± 1663 ± 12ns BMI (kg/m^2^)29 ± 629 ± 6ns HbA1c (%)9.6 ± 1.17.5 ± 1.10.001 Diabetes duration (years)11 ± 710 ± 9ns Insulin treatment duration (years)8 ± 67 ± 6ns Daily insulin dose requirement (IU/day)54.9 ± 8.242.3 ± 10.00.01 Subjects with previous hypoglycemic events^a^ *n* (%)701 (97.6)339 (66.6)0.001 Unexplained hypoglycemic events *n* (%)595 (82.9)109 (21.4)0.0001 Glycemic variability (mg/dl)287 ± 76198 ± 540.001 Diabetes complications *n* (%)  Cardio/cerebrovascular complications205 (28.5)89 (17.5)0.01  Lower limb complications60 (8.4)41 (8.0)ns  Retinopathy151 (21.0)104 (20.4)ns  Nephropathy/dialysis^b^276 (38.5)91 (17.9)0.01  Sensory-motor neuropathy85 (11.9)59 (11.6)ns  Autonomic neuropathy39 (5.4)27 (5.4)ns ACE-inhibitors (%)209 (29.1)149 (29.3)ns Beta-blockers (%)177 (24.6)123 (24.1)nsInjection habits Needle length/gauge *n* (%)ns  4 mm/32G93 (12.7)68 (12.5)ns  5 mm/31G216 (30.0)155 (29.8)ns  6 mm/31G273 (38.4)199 (38.4)ns  8 mm/30G136 (18.9)87 (16.9)ns Needle reuse *n* (%)702 (97.8)95 (18.7)0.0001 Failure to rotate injection sites *n* (%)700 (97.5)105 (30.4)0.001 Ice-cold insulin injection *n* (%)519 (72.3)163 (32.1)0.001 Failing to keep the needle in for 20 s *n* (%)74 (10.3)54 (10.6)ns Post-injection drop leaking *n* (%)310 (43.2)150 (29.5)0.001 Painful injection *n* (%)5 (0.7)133 (26.1)0.0001 Injection into LH nodules *n* (%)718 (100)0 (0)--Demographics Employment status *n* (%)  Employed149 (20.7)195 (38.4)0.01  Unemployed138 (19.2)97 (19.3)ns  Retired431 (60.1)216 (42.3)0.01 Highest school education level *n* (%)  Primary school304 (42.3)215 (42.3)ns  Middle school234 (32.6)168 (33.3)ns  High school128 (17.8)88 (17.3)ns  University52 (7.3)36 (7.1)ns Living status (%)  With spouse/son537 (74.8)405 (79.8)ns  Alone134 (18.8)55 (10.9)0.05  Other family members32 (4.3)27 (5.4)ns  Other14 (2.1)21 (3.9)ns Familial status (%)  Not married55 (7.4)37 (7.3)ns  Married/cohabitant484 (67.1)339 (66.5)ns  Separated/divorced32 (4.3)21 (4.2)ns  Widower95 (13.1)66 (13.0)ns  Caregiver (%)52 (8.1)46 (9.0)ns^a^During the past 12 months^b^All dialysis patients contributed only to the LH + group

Hypoglycemia {#Sec3}
------------

We defined (1) severe hypoglycemia (SeH) according to the 2019 ADA guideline as an episode leading to unconsciousness or requiring assistance by a third person or associated with blood glucose levels \< 54 mg/dl (3.0 mmol/l) or in the 56--70 mg/dl range \[[@CR14]\]; (2) symptomatic hypoglycemia (SyH) as an episode characterized by at least one of the following symptoms resolving with food or sugary drink ingestion: palpitations, tremors, sweating, shakiness, irritability, concentration troubles, dizziness, hunger, blurred vision, confusion, tachycardia, or difficulty moving \[[@CR13], [@CR14], [@CR16]\]; (3) frequent unexplained hypoglycemia (UH) as the occurrence of hypoglycemic episodes at weekly intervals or more, in the absence of any identified precipitating events, such as changes in insulin dosage, diet, or amount of physical activity \[[@CR13], [@CR14], [@CR16]\].

Glycemic Variability {#Sec4}
--------------------

We defined glycemic variability (GV) as the mean blood glucose fluctuation occurring over the observation period in which patients controlled capillary pre- and 2-h-postprandial levels at each mealtime and midnight. They also had to check their capillary blood glucose (BG) level whenever feeling any symptoms suggestive of hypoglycemia.

All electro-medical devices used to evaluate BG were ISO-directive certified and periodically validated and verified by the DCs' diabetes nurses \[[@CR17]\]. In the absence of any user-friendly unanimously accepted clinical method, GV was investigated through a validated questionnaire \[[@CR11], [@CR13]\] and defined as high when BG levels swung consistently, inexplicably, and unpredictably from \< 60 to \> 250 mg/dl at least once a week over the 3 months preceding enrollment and at least 3 weeks within the first and second trimester of the study \[[@CR13], [@CR18]\].

LH Identification Training Protocol {#Sec5}
-----------------------------------

Only trained HCPs with at least 3 years of specific experience performed the protocol, using a US jelly to enhance fingertip sensitivity as previously described and validated \[[@CR7], [@CR19]\]. It consisted of (1) the inspection of each area of interest using direct and tangential light against a dark background, taking into account the patient body position during injection, and (2) a thorough palpation technique involving slow circular and vertical fingertip movements followed by repeated horizontal attempts at the same spot. For abdominal examination, patients were lying down and stood up afterward; for thigh examination, they sat with bent legs and feet on the floor \[[@CR5]\]. HCPs gently touched the skin at the beginning and then progressively increased the finger pressure. When perceiving harder skin, they performed a pinching maneuver to compare the thickness of suspected LHs to that of the surrounding areas \[[@CR13]\] and repeated all maneuvers mentioned above in case of smaller and flatter lesions .

High-Frequency Skin Ultrasound Scans {#Sec6}
------------------------------------

High-frequency B-mode US skin scans were performed at all injection sites using the linear 20-MHz probe (Philips HD3) to define single LH features, including size, thickness, and texture, as described elsewhere \[[@CR6], [@CR7], [@CR19]\], and to check palpation results as a secondary goal. Briefly, in our above-mentioned validation studies involving two different blinded operators on the same patients, a 100% consistency in LH identification was already apparent from the intra-operator, inter-operator, and day-to-day operator variation, independently of LH location, volume, extension, texture, or thickness.

According to US features, we classified LH areas as described elsewhere \[[@CR20]\] into:hyper-type A: iso-hyperechoic with a prevailing fibrotic component;iso-type B: isoechoic associated with small edema-like islands bordered by fibrous strips;iso-hypo type C: iso-hypoechoic fiber-free.

Also, although skin biopsy is the gold standard for this, US proved to be an easy-to-handle and accurate tool to rule out amyloid nodules, i.e., rare avascular, compact lesions with a hard-fibrous consistency \[[@CR21]\].

Statistical Analysis {#Sec7}
--------------------

We reported patient characteristics as mean ± standard deviation (SD) for continuous variables or number/percentages for categorical variables.

SeH and SyH rates were included in the Poisson regression models and expressed as RRs within 95% confidence intervals (95% CI). We used the SAS Program (Release 9.4, SAS Institute, Cary, NC, USA) to examine variables associated with injection techniques by parametric and non-parametric tests (i.e., repeated measures analysis of variance integrated by a two-tailed paired Student's *t* test with 95% CI and Mann-Whitney *U* test, respectively) as needed and to analyze associations among categorical variables by the *χ*^2^ test with Yates correction or Fisher\'s exact test. We accepted *p* \< 0.05 as the least level of statistical significance.

Results {#Sec8}
=======

In our study, LHs were not present in any areas other than those used by patients to inject insulin. We describe participants' clinical characteristics, injection habits, and demographics in Table [1](#Tab1){ref-type="table"}, which clearly shows some differences between the two groups. LH + subjects had significantly greater HA1c values than LH -- (9.6 + 1.1% vs. 7.5 + 1.1, respectively; *p* \< 0.001) as well as higher daily insulin dose requirements (54.9 ± 8.2 vs. 42.3 ± 10.0; *p* \< 0.01), larger glycemic variability (287 ± 76 vs. 198 ± 54 mg/dl; *p* \< 0.01), more frequent HEs and UH in terms of percent of subjects involved (97.6% vs. 66.6%, *p* \< 0.001 and 82.9% vs. 21.4%; *p* \< 0.0001, respectively), cardio-/cerebrovascular complications (28.5% vs. 17.5%, *p* \< 0.01), or nephropathy including dialysis treatment (38.5% vs. 17.9%, *p* \< 0.01). As for injection technique habits, LH + subjects consistently injected insulin into LH nodules (100%) and reused needles more than LH -- subjects (97.8% vs. 18.7%; *p* \< 0.0001). They also failed to rotate injection sites (97.5% vs. 30.4%, *p* \< 0.001), self-injected ice-cold insulin (72.3% vs. 32.1%, *p *\< 0.01), noticed post-injection drop leaking from the needle (43.2% vs. 29.5%, *p* \< 0.01), and did not experienced any pain when injecting (0.7% vs 26.2%, *p* \< 0.01) more often than the LH -- patients. The LH + group was less likely than the LH -- group to be employed (20.7% vs. 38.4%; *p* \< 0.01), mostly because of retirement (60.1 vs. 42.3%; *p* \< 0.01), and lived alone more often (18.8% vs. 10.9%, *p* \< 0.05). Needle length and time spent before removing the needle from the skin at the end of the injection did not differ between groups.

We report the amount, location, and texture of LHs according to clinical features in Table [2](#Tab2){ref-type="table"}, as already described elsewhere \[[@CR19]\]. Skin lesions identified by clinical skin examinations and US were almost concordant (99% cases). LH distribution was approximately the same in the abdomen (38.3%), arms (35.8%), and thighs (33.3%), but significantly lower on the buttocks (26.2%, *p* \< 0.05); 45% of patients had LHs at only one site, 35% at two sites, and 20% at more than two sites; 57% of patients had bilateral symmetrically arranged LHs. Abdominal LHs were predominantly protruding and ≥ 4 cm; limb LHs were mostly protruding and \< 4 cm, while those found on the buttocks were flat and \< 4 cm.Table 2Patient features by LH site, shape, and size. Data are provided in *n* and % in the LH + groupSiteOverall *n* = 718AbdomenArmsThighsButtocksClinical parameter BMI (kg/m^2^)29.1 ± 4.228.8 ± 3.429.7 ± 2.528.5 ± 2.729.7 ± 2.2 LH *n* (%)718275 (38.3)257 (35.8)240 (33.3)188\* (26.2)LH shape Flat (%)5525154095 Protruding (%)4575\*\*85\*\*60\*\*5\*\*LH size Diameter (cm)4.8 ± 1.59.6 ± 3.24.0 ± 2.44.8 ± 2.83.2 ± 3.3 Diameter \< 4 cm (%)5012718073 Diameter ≥ 4 cm (%)5088\*\*29\*\*20\*\*27\*\*For acronyms, please refer to the text^\*\*^*p* \< 0.01 vs. other shape or size; \**p* \< 0.05 vs. all other sites

Based on inspection/palpation features, we arbitrarily identified four LH types, as illustrated in Fig. [1](#Fig1){ref-type="fig"}:A type = easily seen and palpable protruding nodules \< 4 cm with a harsh elastic texture;B type = easily seen and palpable protruding nodules ≥ 4 cm with a harsh-elastic texture;C type = slightly protruding flat nodules with an elastic texture and mostly requiring pinching because of their hardly seen and palpable structure;D type = have a hard-elastic texture, quite tricky to identify because they are difficult to see and only detectable through deep palpation and pinching.Fig. 1Schematic representation of morphologic appearance and identification. Features of four most frequent types of lipohypertrophy

As differences in site, size, morphology, and texture have led to the vast LH rate underestimation observed in the literature \[[@CR7], [@CR19]\], we also tried to facilitate future lesion identification by more precisely defining LH structure through a careful head-to-head comparison between clinical and US-based features. Table [3](#Tab3){ref-type="table"} describes the results of this analysis:Clinically defined type A LHs pertained mostly to the hyper-type A US class (by 64%);Clinically defined type B LHs pertained mostly to the hyper-type A US class (by 57%);Clinically defined type C LHs pertained to the iso-type B class in 48% and to the iso-hypo-type C class in 41%;Clinically defined type D LHs pertained to the hyper-type A class in 51%.Table 3Comparison of US-based LH (three main types) with clinically classified categories (four main types)US-based definitionClinical definition![](13300_2020_876_Figa_HTML.gif){#d30e1839} (%)![](13300_2020_876_Figb_HTML.gif){#d30e1845} (%)![](13300_2020_876_Figc_HTML.gif){#d30e1851} (%)![](13300_2020_876_Figd_HTML.gif){#d30e1857} (%)A. Hyper14134151B. Iso22304822C. Iso-hypo64571127US-based grouping depended on the individual prevailing aspect (\> 50% of the entire nodule)

Table [4](#Tab4){ref-type="table"} summarizes only parameters significantly associated with LH risk (RR, 95% CI) grouped under different categories, including elements contributing to the overall injection technique.Table 4Factors associated with LHCI (95%)RRClinical characteristics Female gender(1.22--1.64)1.35 Diabetes duration(1.00--3.07)1.15 HbA1c(1.88--3.87)2.96 History of severe hypoglycemia in the past 12 months(1.56--3.63)2.62 CV complications(2.18--4.49)3.36 Retinopathy(1.05--1--39)1.16 Sensory-motor neuropathy(1.01--1.28)1.18 ESRD/dialysis(1.59--3.23)2.69 Large glycemic variability(2.12--4.38)3.16 Hypoglycemia (HE)(1.97--3.83)2.96  Severe hypoglycemia (SeH)(2.18--4.14)3.59  Symptomatic hypoglycemia (SyH)(1.98--3.16)2.71Injection habits Needle reuse(3.18--5.78)4.43 Failure to rotate injection sites(3.12--6.28)5.11 Ice-cold insulin injection(2.12--4.81)3.06 Failing to keep the needle in for 20 s(0.87--1.58)1.09 Post-injection drop leaking(1.99--2.45)1.68Demographics Living status With spouse/sons--1.0 RC  Alone(1.10--1.57)1.36  Caregiver(1.10--1.62)1.44 Employment status  Unemployed--1.0 RC  Retired(1.07--1.93)1.52  Employed(0.98--1.18)1.07Results of Poisson multivariate analysis showing only significant RRs (95% CI)*RC* reference class. For other acronyms, please refer to the text

Within the first parameter category, the following elements attained statistical significance: HbA1c (95% CI 1.88--3.87, RR 2.96), SeH episodes occurring during the past 12 months (95% CI 1.56--3.63, RR 2.62), cardiovascular complications (95% CI 2.18--4.49, RR 3.36), and end-stage renal disease (ESRD)/dialysis (95% CI 1.59--3.23, RR 2.69).

A highly significant association was also found with HEs, both as a whole (95% CI 1.97--3.83, RR 2.96) and separately as SeH (95% CI 2.18--4.14, RR 3.59) or SyS (95% CI 1.98--3.16, RR 2.71) as well as with GV (95% CI 2.12--4.38, RR 3.16).

For major injection technique defects, those still significantly associating with the risk of LH were: needle reuse (95% CI 3.18--5.78, RR 4.43), failure to rotate injection sites (95% CI 3.12--6.28, RR 5.11), ice-cold insulin injection (95% CI 2.12--4.81, RR 3.06), and post-injection drops leaking from the needle (95% CI 1.99--2.45, RR 1.68). Failure to keep the needle in the skin for 20 s after the injection did not have an association with LH risk (95% CI 0.87--1.58, RR 1.09).

Also living alone (95% CI 1.10--1.57, RR 1.36) and acting as caregivers (95% CI 1.10 -- 1.62, RR 1.44) attained statistical significance. Within the employment status category, only being retired had some relevance (95% CI 1.07--1.93, RR 1.52).

Finally, Table [5](#Tab5){ref-type="table"} describes HEs, divided into SeH and SyH. SeH represented about 16% of the total. All parameters under study were included in a stepwise multiple regression analysis to identify hypoglycemia-associated factors. As shown, SeH was strictly associated with a LH diameter ≥ 4 cm (RR 3.36; 95% CI 2.33--5.28), especially in the case of abdominal or multiple sites (RR 2.24, 95% CI 1.45--2.68; RR 2.35, 95% CI 1.97--2.89, respectively). We also detected a strong association of SeH with intranodular injections (RR 3.86; 95% CI 2.48--4.25), needle reuse (RR 3.18, 95% CI 2.12--3.79), missed injection site rotation (RR 3.52, 95% CI 2.89--4.66), \> 40 IU daily insulin requirement (RR 1.75, 95% CI 1.16--2.08), \> 6-mm-long needles (IR 2.06, 95% CI 0.88--2.98), and ice-cold insulin utilization (RR 1.85, 95% CI 1.25--2.86). SyH was also strongly associated with the same factors except for LH size and needle length but with the addition of post-injection drop leaking (RR 1.32, 95% CI 0.98--1.98).Table 5Factors associated with hypoglycemia(95% CI)RRFactors associated with severe hypoglycemia (SeH) Diameter ≥ 4 cm2.33--5.283.36 Abdominal site1.45--2.682.24 LHs on multiple sites1.97--2.892.35 Injection into LH nodules2.48--4.253.86 Needle reuse2.12--3.793.18 Failure to rotate injection site2.89--4.663.52 Insulin dose \> 40 IU/day1.16--2.081.75 Needle length ≥ 6 mm0.88--2.982.06 Ice-cold insulin1.25--2.861.85Factors associated with symptomatic hypoglycemia (SyH) Abdominal site1.22--2.632.17 LHs on more than one site1.88--2.932.41 Injection into LH nodules2.55--5.874.03 Needle reuse2.55--6.324.41 Failure to rotate injection site2.46--3.542.69 Insulin dose \> 40 IU/day1.93--2.812.01 Post-injection drop leaking0.98--1.981.32 Ice-cold insulin1.06--2.161.38Results of Poisson multivariate analysis showing only significant RRs (95% CI). For acronyms, please refer to the text

Discussion {#Sec9}
==========

A recent meta-analysis on 12,493 subjects from 26 RCTs describes an average LH prevalence rate as high as 38% among insulin-treated subjects with large between-study heterogeneity \[[@CR5]\]. This indicates a widespread educational problem concerning LH prevention among patients. As suggested by the differeing and incomplete descriptions of LH identification methods across the literature, with just a few exceptions \[[@CR7], [@CR19], [@CR22]\], the reason for the lack of education might be clinicians feeling more comfortable with drug prescription than with administration advice \[[@CR13]\] despite the broad dissemination of updated guidelines in the field \[[@CR21], [@CR23]\].

Most authors agree that LHs are invariably associated with the following factors: failure to rotate injection sites, needle reuse, female gender, high body mass index (BMI), and long disease duration. A higher daily insulin dose requirement is still a matter of debate, however. Our results, while confirming those associations, added ice-cold insulin injection to the list, suggesting that repetitive thermic trauma amplifies the damages caused by mechanical ones. Cryotrauma caused by ice-cold insulin injection has already been described in the literature as a risk factor (RF) for lipodystrophies in children and adolescents \[[@CR24]\], with particular reference to lipoatrophy rather than LH, while for the first time our data point to an association between cryotrauma and LHs in adults.

The association of LHs with metabolic parameters including high HbA1c levels and large GV \[[@CR5], [@CR6], [@CR8], [@CR9], [@CR12], [@CR13], [@CR18], [@CR22], [@CR25]\] along with increased risk of severe and non-severe hypoglycemia have already been reported in the literature, which also applies to other factors that our results confirmed together with chronic diabetes complications, especially renal and cardiovascular ones. The latter finding demands special attention to an eventually additive LH-related health hazard, as frequent HE and extensive GV are also known to be independent cardiovascular complication factors \[[@CR26]--[@CR29]\].

Another piece of information we obtained from our data was the association of LHs not only with a long-standing history of HE but also with living alone and retired status; specific investigations are needed to confirm and interpret these findings, which suggest a possible role of a creeping depression, which is frequently associated with these conditions \[[@CR30]\].

Despite the many current concerns and unmet needs regarding this topic, we firmly believe that, with patients adequately positioned, careful direct or tangential light-assisted inspection of all injection sites \[[@CR5], [@CR6]\] along with repeated superficial and deep jelly-enhanced palpation is crucial to identify LHs, if necessary followed by pinching for less elastic skin areas \[[@CR13]\].

We also found that the abdomen was most often chosen for insulin injections, followed by the arms, thighs, and buttocks \[[@CR13], [@CR31]\]. Further studies are warranted to interpret this observation, considering that time is crucial for LH generation, and, according to our long-standing personal unpublished observation, lesions become increasingly more frequent and extensive with long-lasting repeated insulin injections into the same site. We already published a paper with several didactic pictures of LH explaining why, and how, to best use the positioning and light angle for diagnostic purposes \[[@CR6]\]. Based on our experience, we arbitrarily grouped LHs into four primary identification feature-based categories, as reported in Fig. [1](#Fig1){ref-type="fig"}, which proved useful for both HCP and patient training.

Comparisons between LH palpation and US results have been inconsistent so far: one group reported 65% more false-positive results with palpation \[[@CR32]\], and another found just the opposite, detecting 50% more LHs with US \[[@CR33]\]. It is conceivable that palpation-based LH detection problems depend on inadequate training, which our daily practice clearly shows impairs the ability to identify LH. In fact, despite trying to comply with published guidelines, most notably the 2010 FIT guideline \[[@CR34]\], many groups have obtained weaker results so far than would be expected if they had followed the standardized protocol we published over the last few years \[[@CR7], [@CR19]\].

Recently, a group using a strict methodology found US to have higher accuracy than palpation \[[@CR35]\], thus suggesting it as the gold standard for LH diagnosis \[[@CR5], [@CR19]\]. Undoubtedly, US has additional advantages over palpation by allowing clinicians to provide patients with better advice based on the LH details, including the size, distribution, elastic/fibrous texture, and possible fluid content \[[@CR35]--[@CR38]\]. However, as already expected from our preliminary reports \[[@CR19], [@CR36]\], our clinical method was virtually as accurate as US. Therefore, when systematically adopted, it may be very efficient and even preferable, considering its ability to reduce the use of US in daily clinical practice as US, when extended to the vast outpatient setting, is expensive, time-consuming, and therefore inappropriate.

Currently, studies comparing clinical detection with US accuracy are limited. We thought it useful to compare four clinically defined variants with three US-based classes in an attempt to predict fibrous/edematous LH structures causing insulin pharmacokinetic and pharmacodynamic changes related to intra-nodular injections \[[@CR39], [@CR40]\]. When injected into nodules resembling fiber-encapsulated reservoirs, no pain occurs, as if these skin areas were denervated and insulin could enter the blood to a variable extent according to either (1) delayed or (2) sudden and unpredictable release patterns, with extensive GV or sudden hypoglycemia as expected consequences, respectively. Consequently, as already published by our group, when switching to healthy skin, patients should reduce daily doses by at least 15--20% \[[@CR13], [@CR31]\] while intensifying self-monitoring of blood glucose levels for a while to optimize treatment \[[@CR13]\].

Only anecdotal data from two clinical cases we recently reported support this view. The first described the case of a woman experiencing several SeHs, sometimes even having seizures, who had two large symmetrical abdominal LHs systematically used for insulin shots \[[@CR3]\]. US scans revealed fluid content within the nodules containing a 13-fold insulin concentration compared to the blood. An intensive training on correct LH detection and insulin injection techniques prevented her from injecting insulin into LHs any longer and stopped the episodes of SeH, while even reducing her daily doses by \> 25%. The second case was another woman with an abdominal LH referred to our unit for frequent unexplained HE \[[@CR41], [@CR42]\]. Wanting to wear a bikini when going to the beach, one morning she tried to get rid of her ugly nodule by massaging it with soothing emollient ointments, then she suddenly woke up in the hospital emergency room after a SHE; her husband confirmed that the above-mentioned LH had been the site of her last insulin injection. A careful education session on correct LH handling helped her avoid further HEs.

Limitations {#Sec10}
===========

The interpretation of LH pathophysiology in terms of fibrosis and edema is still hypothetical and based only on anecdotal reports. Therefore, further studies are needed to further support this view. Nevertheless, LH structural features can easily support the explanation of otherwise unexpected HEs.

LH classification into four clinically relevant groups is arbitrary. Still, it helps both to explain why inspection alone is mostly ineffective and to teach patients what LHs are and how to perform self-examination maneuvers to detect them.

Another limitation of the study comes from the exclusion of subjects with T1DM to rule out methodologic biases related to the two-to-four times longer insulin treatment extent than expected for people with T2DM. Also, as our patients only used insulin analogs, we could not compare LH rates associated with them to those associated with human regular, NPH, or premixed insulin preparations, which often were used instead, in studies published by other investigators. However, many studies found no significant differences among the types of insulin concerning the association with LHs \[[@CR43]--[@CR48]\].

Conclusion {#Sec11}
==========

In conclusion, from our findings we developed the following ten golden rules:LHs have different morphologies and structures and in our series were only found at injection sites;they are not always recognizable at first sight, so an accurate palpation and pinching maneuver is essential for detection;direct and tangential light orientation with respect to the skin can make LH identification easier \[[@CR6]\];positioning (i.e., standing, sitting, or lying) is also essential to identify LHs \[[@CR6]\];using a lubricant can enhance fingertip sensitivity;careful inspection/palpation of injection sites can allow trained health care professionals to achieve a similar degree of accuracy as that observed with skin US scans;specific theoretical and hands-on LH identification training under the guidance of fully experienced personnel is essential to achieve the needed diagnostic accuracy;factors associated with LHs were: (1) failure to rotate injection sites, needle reuse, long disease duration, higher HbA1c levels, more severe and more frequent micro- and macrovascular complications (thus supporting findings from other groups), and (2) history of SEH, ice-cold insulin injection, and having single and retired status (identified for the first time);LH consequences were confirmed: more frequent SeH or SyH and high GV;although US can be seen as the gold standard for LHs detection, its routine utilization is too expensive and time consuming to be proposed for an outpatient setting, but might be very useful for both health personnel and patients to identify the structure of a specific nodule.

Also, our results show that living alone and being retired were associated with LHs. A likely explanation is that these two social/psychologic conditions, which notoriously lead to depression and poor self-care, adversely affect insulin injection behavior. This hypothesis deserves further support from detailed psychologic investigations, but still suggests the clinician should be cautious and take this aspect into proper account when prescribing insulin.

The most crucial point is that it is unacceptable nowadays for insulin-treated patients not to know how to handle an insulin pen and which kind of needle is recommended by guidelines or how and where to inject insulin. Therefore, it is essential to make every effort to improve patient education on this topic to improve diabetes control and quality of life.

Our final suggestion to all HCPs is to plan a thorough clinical examination of all injection sites at least annually and involve patients in this task after educating them about both the best LH identification methods and the reasons for carefully avoiding injections in nodules. This strategy has proven effective in our hands, as this way patients become strongly motivated to collaborate with HCPs after verifying a 20% decrease in the daily insulin dose requirement with lower HbA1c levels and especially after experiencing better quality of life due to fewer HEs and a less prominent GV.
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